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This work describes the comparative modeling of p + n and np indium 
phosphide solar cell structures using ers improved 

optimal design study has pre ic e structure due to higher open- 

of the cell parameters on InP cell I-V characteristics 11 

The available radiation resistance data on n p and p n InP solar ceils 
qj -0 also critically discussed. 


INTRODUCTION 

Recently indium phosphide has emerged as_ an 
space power applicationi 3. . e f a f v ^fX e (ig * at 25°C) homoepitaxial 

1? ^ solar" cel Is ustag the MOCVD glroith 'technique. To date a majority 
S/ the ::rh r h C as n bee U n d^oted to thl development^* n/p 

very limited work has been reported on p/n yp , on the develop- 

the^various reaso whic. h of initial R&D work ^po'rted In 

«fere°nce P s /n 2 ^ 3°ta™ been guite encouraging. 

techniques have been . 3, . 

35 5£as£?SS5sp 

??ef P 4) has beeS used to model the two structures considered in this 
lort The effect o U f minority carrier diffusion lengths on pn M cell 

allo^fo^discussiirn n of C< tlfe^^complete T parametric . study a critical 

. . x _ / n n /d InP cells has been compared and the results 

r in?ica?e Ce the n^eYfor^ systemic reevaluatio? of the comparative 
radiation resistance of the two InP cell configuration . 


* This work was done while the author held a National Research council 
NASA LeRC Research Associateship . 
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MODELING APPROACH 


The PC ID computer program developed by Basore et al i r o-f a ^ 
used to mode! and optimally design n*p and p ? n solar cells' ’Z 


RESULTS AND DISCUSSION 


(AMO, 


Figure 1 and 2 show the calculated 
1 sun, 137.2 mW/cm 2 , 25°C) for the 


current-voltage 
pn and n*p 


characteristics 

InP solar cell 
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Fig. 


1 qn 1 i«r 1 r t n 1 L Characteri s tics of Optimally Designed p*n InP 

FF-o 869 1J Fff J? e 9f? lld .: Line CUrVe ( J sc =41 - 49 nA/cm 2 , 9 V =9^8 mV ? 

g“s :nce E “j^^ , ^ f ^ Gr ^ h » S'” £ »■ ff ?J~J 

if V ?;”a 6 nr'serTe's° ' Resisting 4 of ’ 0 .V £ P K 

parameters are as per Table I. * The other 
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Voltage (mV) 


1 200 


Fig. 2 Calculated I-v Characteristics of Optimally Deigned n p lnP^ 
Solar Cells. The Solid Line Curve (J gc -42.4 mA/cm , . ' 

ff- 0 863 Ef f =25 . 1% ) is for Grid Shadowing Loss of 0% . and Series 
Resistance of 0 1 ohm cm 2 . The Dotted Line Curve (J, c =40.6 mA/cm 
V =940 mV FF=0 . 845 , Eff=23.5%) is for Grid Shadowing Loss of 4% 
and Series' Resistance of 0.2 ohm cm . The other parameters are as 

per Table I . 

. • „_-i i r-i i i npQ rp^npctivelv. The material and cell 

,sr. rsr a ; ^ •£; £ %^ e 

ef f iciencies . ^it^l^i^^ i»‘ "^ttJ and 
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Table I Emitter and Base Material/Process Parameters 
for the Optimal Design of InP Solar Cell. 


p*n Structure 


n + p Structure 


Emitter 

Thickness, nm 
Doping, cm' 3 
Front SRV, cm/sec 
Diffusion Length, /^m 
Lifetime, nsec 
Mobility, cm 2 /V sec 

Base 

Thickness, urn 
Doping, cm' 3 
Back SRV, cm/sec 
Diffusion Length, /j,m 
Lifetime, nsec 
Mobility, cm 2 /V sec 


Grid Coverage Loss, % 

Series Resistance, ohm cm 2 
Double Layer AR Coating, nm 


150 

io 18 

4 

20 

io 18 

10 

io 4 

2 

0.1 

0.73 

0.1 


2123 


39 


10 17 

7 

-J 

io 17 

10 

io 5 

5 

20 

151.5 

56 

63 

2772 


0 

0.1 

50 (ZnS)/ 
100 (MgF 2) 


0 

0.1 

50 (ZnS)/ 
100 (MgF, ) 


b e materia/ growth f ^or^eT I 

Z3r,£j 

eff Liency Tret “e? ^he/, 1 / hav ®, b * en .animated from the red quantum 

*ST F ^ = d vH£ 

characteristics fdot-Vert f n ^ ? S ° plotted the calculated 1-v 

aractenstics (dotted line curves) assuming grid coverage (i.e. no 
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prismatic covers) and higher series resistance The p*n ^tan« 

line) shown in Fig. 1 are for grid coverage of 5% and series resistance 
of o!l ohm cm 2 . The np results (dotted line) shown in Fig. 2 for 

arid coverage of 4% and series resistance of 0.2 ohm cm . It is observed 
that one could achieve better series resistance in n p structures than 
p + n From these results it is observed that the open circuit voltage 

values remain almost the same, but the cell efficiency ^ stance 

grid coverage losses and the corresponding increased series resistance. 
However even in this case p + n and np cell efficiencies as high as 24.8 
and 23.5% respectively are predicted. In all the calculations repor ® 
in this work the InP bandgap energy of 1.35 eV and an average value o 
intrinsic concentration (n.) of 8xl0 6 cm_ 3 (ref. 6) have been used. It 
is important to point here that there exist an uncertainty in e va ue 
of n. and various researchers have used different values . 


In Fig. 3 we have shown the 
characteristics for the optimally 
assuming the parameters of Table 


comparison of the calculated . I V 
designed n p and p n configurations 
I. From Fig. 3 it is clear that one 
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Fig. 


3 


Comparison of the I-V Characteristics of 
p + n and n + p InP Solar Cell Structures ( 
Series Resistance 0.1 ohm cm"). 


the Optimally Designed 
Grid Shadowing Loss 0%, 
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Electron Diffusion Length, um 

Fig - 4 | f f flci e n f cy EleCtr0n Diffusion Length on the p + n InP Solar Cell AMO 


rrrM^i ° r i^ y carrie J diffusion lengths in the emitter and base reqions 
greatly influence the cell efficiency. Figures 4 and 5 describe the 

°f 1 el ^ trc ? n and hole dif fusion length respectively on the p + n InP 

m?iorit^ „ e T fflCle H C , y ; TheSe r6SUltS have been obtaine/by varyinS the 
minority carrier diffusion length of interest and keepina all othpr 

?he a ™n r iff° nstant as per Table Z - From Fi 9 s - 4 and 5 Observe that 
efficiency vs minority carrier diffusion length curve starts 

lennth'nf 9 s " eleCtron diffusion length of 2 m and hole diffusion 
gth of 5 (m respectively . This observation allowed us to choose 
these values in the optimal design of p*n InP solar cell Longer 
minority carrier diffusion lengths could be obtained by improving the 
material growth and cell process techniques. Y improvin 9 tne 
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Hole Diffusion Length, um 


Fig. 5 Effect of Hole Diffusion Length on the p + n InP Solar Cell AMO 
Efficiency. 

mp solar cells have shown superior radiation resistance (jef. 7, 8) 
as compared to §aAs and Si cells. This would lead to higher end-of-life 

«£> . a f r £ e iC d^ed on fh^is^ -- 

electron *1 

Yamaauchi et al . (ref. 9), and Weinberg et al. (ref. 10). From Fig. 

it A observed that the results reported by these two groups are 
conflicting as to which structure is better under electron ir ^adiation. 
To date limited work on the development of p n cells has been initiated. 
Sis his also restricted electron irradiation studies on such cells. No 
IroloT irracTiation results have been -Ported for p r . cells However 
it is important to note that the cells used to obtain the results 
dotted in Fig. 6 were made from different material growth and cell 
process techniques. A meaningful comparison would require both types f 
cells to be processed under identical conditions. It is also ooservea 
Shat thS cellsused in reference 9 are more radiation resistant at the 
lower fluence than the cells used in reference 10, but degrade rapidly 
iS the 10 15 - 10 16 cm' 2 electron fluence range. The efficiency measure- 


29-7 



1 MeV Electron Fluence, cm- 2 


Fig. 6 Effects of 1 MeV Electron Irradiation on the Normalized Effici- 
ency of p n and np InP Solar Cells. 

ment results of reference 9 are made under AMI. 5 spectrum (100 mW/cm 2 ) 
while reference 10 uses AMO spectrum (137.2 mW/cn?). The discrepancy 
between the comparative results in Fig. 6, suggests a need for a 
systematic work on the electron and proton irradiation damage on these 
two types of cell configurations. 

CONCLUSIONS 

Optimal design calculations for the p*n and n + p indium phosphide 
solar cells have been performed using a computer code PC-1D. it is 
shown that AMO cell efficiencies in excess of 23% at 25°C are possible. 
The optimal cell material and process parameters have been qiven. 
Surface passivation and improved material growth techniques require 
serious attention in order to obtain the minimum possible surface recom- 
bination velocities and maximum ^possible minority carrier diffusion 
lengths. Comparison of pn and np cell configurations has shown that 
p n offers better efficiency due to higher open circuit voltaqe as 
compared to n p configuration. The effect of minority carrier diffusion 
length on InP cell efficiency has been studied. Extensive and syste- 
matic electron and proton irradiation damage studies are required 
Enhanced and renewed efforts are needed to develop p + n type InP cells.* 
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